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METHOD FOR IMPLEMENTING LOGICAL MAC IN ETHERNET PASSIVE 

OPTICAL NETWORK SYSTEM 

CLAIM OF PRIORITY 

This application claims priority to an application entitled "METHOD FOR 
5 IMPLEMENTING LOGICAL MAC IN ETHERNET PASSIVE OPTICAL NETWORK 
SYSTEM", filed in the Korean Intellectual Property Office on March 19, 2003 and 
assigned Serial No. 2003-17072, the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention relates to a method for implementing MAC (Media Access 
Control) for an EPON (Ethernet Passive Optical Network) system defined in the IEEE 
(Institute of Electrical and Electronics Engineers) 802.3ah EFM (Ethernet in the First Mile) 
standard using general MAC based on an IEEE 802.3 standard. 

15 2. Description of the Related Art 

A PON (Passive Optical Network) system connects one OLT (Optical Line 
Termination) to a plurality of ONUs (Optical Network Units) using a 1 x N ODN (Optical 
Distribution Network) to form a tree-type distribution topology. 

The current IEEE 802.3ah EFM working group defined various functions necessary 

1 



P10996/5000-1-440 

for an EPON (Ethernet Passive Optical Network) system. The three functions associated 
with MAC (Media Access Control) include an MPCP (Multi-Point Control Protocol) 
function, an OAM (Operation, Administration and Maintenance) function and an LLID 
(Logical Link ID) function. An LLID is positioned within a frame's preamble. 

Referring to Fig. 1, layers based on a currently standardized and defined layering 
baseline are classified into a physical layer 102, data link layers 104 and an interface layer 
106. The physical layer includes a PMA (Physical Medium Attachment) layer 108, a PMD 
(Physical Medium Dependent) layer 110 and a PCS (Physical Coding Sublayer) 112. Each 
data link layer 104 includes a MAC layer 114, an MPCP layer 116, a MAC control layer 
118 and an OAM layer 120, a MAC client 122 residing above the OAM layer. Here, the 
higher client 122 can be a router, a switch, a ULSLE (Upper Layer Shared LAN Emulation) 
processor, etc. The interface layer 106 arranged between the physical layer 102 and the 
data link layers 104 includes the RS 124 which is an 802.3 MAC-PLS (Physical Layer 
Signaling) interface layer and a GMII (Gbps Media Independent Interface) layer 126. 

In actual implementation, however, the plurality of MAC layers 114 shown is 
implemented as a single physical MAC layer. Through logical MAC emulation, the MAC 
functions for the EPON are carried out by the single physical MAC layer 1 14. 

The MPCP and OAM functions each must be implemented in a layer higher than a 
MAC layer 114. An LLID tagging/detagging function must be implemented by an RS 
(Reconciliation Sublayer) 124. 

Here, LLID information of a preamble must be available in other higher layers so 
that the emulation can be performed as if the single physical MAC layer 1 14 corresponds to 
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the plurality of logical MAC layers. For example, an error counter must be managed on the 
basis of each LLID, and a packet must be generated and processed according to the LLID. 

In other words, when PON (Passive Optical Network) layers are actually 
implemented, the single physical MAC layer 114, the MPCP layer 1 16 and the OAM layer 
5 120 are used, and contents associated with the layers are separated according to the LLID. 
Accordingly, when an interface function is performed according to a higher MAC client 
122 and the LLID, the emulation function can be appropriately performed. 

Fig. 2 shows an exemplary format of an Ethernet frame based on the EFM standard. 
The frame includes an 8-byte preamble field 21, a 6-byte DA (Destination Address) field 

10 22, a 6-byte SA (Source Address) field 23, a 2-byte L/T (Length/Type) field 24, a 
data/PAD (Packet Assembly and Disassembly) field 25 indicating frame data, and an FCS 
(Frame Check Sequence) field 26 which is arranged at the end of the frame and used for 
checking an error when information divided on a frame-by-frame basis is sent in data 
communication. The preamble field 21 includes a 3-byte SPD field 211, a 2-byte reserved 

15 field 212, a 2-byte LLID field 213 and a 1-byte CRC (Cyclical Redundancy Check) field 
214. 

Fig. 3 shows the conventional architecture for transferring a PON tagging Ethernet 
frame between layers, as disclosed in an application entitled "ETHERNET PASSIVE 
OPTICAL NETWORK SYSTEM (SAMSUNG ELECTRONICS CO., LTD.)", filed in the 
20 Korean Industrial Property Office and assigned Serial No. 2002-35470. 

In detail, the MAC layer 114 performs a basic operation for a frame transferred 
from the physical layer 102, and then a DA field 302, an SA field 304, an L/T field 306, a 
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vLink tag field 308 and a data field 310 contained in the frame are transferred up to the 
MAC control layer 118 which first confirms the L/T field. Where a corresponding frame is 
a user frame, the L/T field 306 indicates a length value of the frame. In the case of the user 
frame, the MAC control layer 118 performs no operation, and transfers the DA field 302, 
5 the S A field 304 and the data field 3 1 0 to a higher layer. 

At this time, the vLink tag field 308 is transferred as the user data field. The 
multiplexing layer 316 combines MAC addresses within the DA and SA fields 302, 304 
and mode 312 and PHYJD 314 data within the vLink tag field 308, and performs an 
appropriate reflection or forwarding operation according to a result of the combination. At 
10 this time, as the vLink tag field 308 follows the L/T field 306, the multiplexing layer 316 
regards the vLink tag field 308 as general user data. The multiplexing layer transfers the 
vLink tag field 308 to a higher layer. 

Further, a PHYJD value 314 within the vLink tag field 308 varies with each mode. 
Where the mode is a P2P (Point-To-Point) mode, a PHYJD value 314 of the destination is 
1 5 assigned. On the other hand, where the mode is an SCB (Single Copy Broadcasting) mode, 
a PHYJD value 314 of an ONU transmitting a frame to a corresponding OLT is assigned. 
This assignment method is equally applicable to a downstream transmission. 

The LLID information is contained in the preamble 21 of the Ethernet frame 
according to the current EFM standard shown in Fig. 2 and the preamble containing the 
20 LLID information 213 is transferred to a lower layer. In transferring the Ethernet frame to 
a higher layer, the preamble is removed. Problematically, the LLID information is 
therefore unavailable to the higher layer, and consequently a single MAC layer cannot be 
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emulated. 

SUMMARY OF THE INVENTION 

In one aspect of the present invention, a method is provided for implementing 
logical MAC in an EPON system, and a computer-readable recording medium is provided 
5 for recording a program for implementing the method, which inserts LLID (Logical Link 
ID) information at a predetermined position of a frame outside its preamble and transfer the 
frame containing the LLID information to a higher layer. Accordingly, general MAC can 
be used as MAC for the EPON. 

In another aspect of the present invention, the m ethod and recorded medium are 
10 each configured to be compatible with an EFM (Ethernet in the First Mile) standard using 
general MAC. 

In yet another aspect of the present invention, the method and recorded medium 
each enable logical MAC emulation by transferring LLID (Logical Link ID) information to 
a higher layer rather than a physical layer. 

1 5 The above and other aspects are accomplished by a method for implementing MAC 

in an Ethernet passive optical network system, comprising the step of: configuring an 
Ethernet frame to be transferred between a physical layer and a data link layer, the Ethernet 
frame comprising: a preamble, a DA (Destination Address) field for indicating a destination 
address; an SA (Source Address) field for indicating a source address; an L/T 

20 (Length/Type) field for indicating the Ethernet frame's length and type; a data/PAD (Packet 
Assembly and D isassembly) field for indicating d ata of the Ethernet frame; and an FCS 
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(Frame Check Sequence) field which is positioned at an end of each frame and used for 
detecting the frame's error when information divided on a frame-by-frame basis is 
transmitted in data communication; and reconfiguring the frame with, as an additional field, 
an LLID (Logical Link ID) field for indicating a logical link identifier, wherein the 
5 reconfigured frame is transferred to the data link layer so that the data link layer uses the 
LLID field to enable logical MAC emulation. 

In accordance with another aspect of the present invention, there is provided a 
method for implementing MAC (Media Access control) in an Ethernet passive optical 
network system, comprising the steps of: (a) causing a physical layer of the Ethernet 

10 passive optical network system to contain LLID (Logical Link ID) information within a 
preamble and transfer the preamble containing the LLID information; (b) causing an RS 
(Reconciliation Sublayer) to configure a new Ethernet frame with the preamble by inserting 
the LLID information at a predetermined position of an Ethernet frame outside the 
preamble, and causing the RS to transfer the new Ethernet frame to a higher data link layer 

15 of the Ethernet passive optical network system; and (c) causing the data link layer to 
transfer the new Ethernet frame containing the LLID information. 

In accordance with yet another aspect of the present invention, there is provided a 
method for implementing MAC (Media Access control) in an Ethernet passive optical 
network system, comprising the steps of: (a) causing a data link layer of the Ethernet 

20 passive optical network system to transfer an Ethernet frame containing LLID (Logical 
Link ID) information; (b) causing an RS (Reconciliation Sublayer) to extract the LLID 
information contained in the Ethernet frame and configure a standard-based Ethernet frame 
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by containing the LLID information within a preamble, and causing the RS to transfer the 
standard-based Ethernet frame to a lower physical layer of the Ethernet passive optical 
network system; and (c) causing the physical layer to transfer the preamble containing the 
LLID information. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and other advantages of the present invention 
will be more clearly understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which the same or similar elements are 
annotated with identical reference numerals through the several views: 
10 Fig. 1 is a view illustrating layers based on a layering baseline defined in an IEEE 

(Institute of Electrical and Electronics Engineers) 802. 3ah EFM (Ethernet in the First Mile) 
standard; 

Fig. 2 is a view illustrating an exemplary format of an Ethernet frame based on the 
IEEE 802.3ah EFM standard; 
15 Fig. 3 is a view illustrating the conventional architecture for transferring a PON 

tagging Ethernet frame between layers; 

Figs. 4A and 4B are views explaining a logical MAC (Media Access Control) 
implementation method for transferring L LID (Logical Link ED) information to a higher 
layer in accordance with one embodiment of the present invention; 
20 Fig. 5 is a view explaining the logical MAC implementation method for transferring 

the LLID information to the higher layer in accordance with another embodiment of the 
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present invention; 

Fig. 6 is a flow chart illustrating an upstream frame conversion procedure in a frame 
conversion method performed by an RS (Reconciliation Sublayer) in accordance with the 
present invention; and 

5 Fig. 7 is a flow chart i llustrating a downstream frame conversion p rocedure i n a 

frame conversion method performed by the RS in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following description, preferred embodiments of the present invention will be 
described in detail with reference to the annexed drawings, unneeded detailed description 

10 of known functions and configurations being omitted for clarity. 

Figs. 4A and 4B are views explaining a logical MAC implementation method for 
transferring LLID (Logical Link ID) information to a higher layer in accordance with one 
embodiment of the present invention. The LLID in the Ethernet frame to be transferred is 
contained at a predetermined position of the Ethernet frame outside its preamble. 

15 In detail, the Ethernet frame in accordance with the present invention, differing 

from the Fig. 2 frame format, includes an 8-byte preamble field 41, a 6-byte DA 
(Destination Address) field 42, a 6-byte SA (Source Address) field 43, a 2-byte E type field 
44 indicating information of an Ether type or "E type" (i.e., mode), a 2-byte LLID (Logical 
Link ID) field 45, a 2-byte L/T (Length/Type) field 46, a data/PAD (Packet Assembly and 

20 Disassembly) field 47 indicating frame data, and an FCS (Frame Check Sequence) field 48 
which is arranged at the end of the frame and used for checking an error when information 
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divided on a frame-by- frame basis is sent in data communication. 

As shown in Fig. 4B, the E type field 44 can be removed from the Ethernet frame. 
In other words, the method of the present invention extracts the LLID information from the 
preamble field 41 and inserts the LLID information at a predetermined position of the 
5 Ethernet frame outside the preamble field 41 to transmit the Ethernet frame having the 
inserted LLID information to an MPCP (Multi-Point Control Protocol) or OAM (Operation, 
Administration and Maintenance) layer which is a higher layer and a MAC client through 
the general MAC. The E type does not need to be newly defined. 

As the LLID field 45 is contained in the frame, the LLID information is transferred 

10 together when the frame is transferred to the higher layer. Consequently, when a PON 
(Passive Optical Network) system's layers are implemented according to the inventive new 
frame format, although the single physical MAC layer, the MPCP layer and the OAM layer 
are used, contents associated with the layers are separated according to the LLID to realize 
the emulation of a plurality of physical MAC layers. 

15 In the second embodiment of the present invention, described below in connection 

with Fig. 5, the layering differs from that of Fig. 1 in that the data link layer 104 includes 
the multiplexing layer 316, residing above the OAM layer 120, and in that the MAC layer 
1 14, the MPCP layer 116, the MAC control layer and the OAM layer 120 are all configured 
to emulate single respective layers. The second embodiment proposes a new logical MAC 

20 implementation method designed to overcome possible incompatibility with the existing 
standard. 

As shown in Fig. 5, layers according to the standardized and defined layering 
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baseline are classified into a physical layer, a data link layer and an interface layer. The 
physical layer includes a PMA (Physical Medium Attachment) layer, a PMD (Physical 
Medium Dependent) layer and a PCS (Physical Coding Sublayer). The data link layer 
includes a MAC layer, an MPCP layer, a MAC control layer, an OAM layer and a 
5 multiplexing layer. The interface layer arranged between the physical layer and the data 
link layer, includes an RS (Reconciliation Sublayer) being an 802.3 MAC-PLS (Physical 
Layer Signalling) interface layer and a GMII (Gbps Media Independent Interface) layer. 

In accordance with the embodiment of the present invention, the physical layer 
consisting o f t he P MA and P CS 1 ayers and t he i nterface 1 ayer c onsisting o f t he R S a nd 

10 GMII layers have the Ethernet frame containing the LLED information within the preamble 
as shown in Fig. 2. The data link layer consisting of the MAC layer, the MPCP layer, the 
MAC control layer, the OAM layer and the multiplexing layer has the LLID information 
within a predetermined position of the Ethernet frame other than the preamble as shown in 
Figs. 4A and 4B. Since the LLID information for a lower layer than the MAC Layer exists 

15 within the preamble in accordance with the embodiment of the present invention, the 
present invention is compatible with the 802.3ah EFM standard. On the other hand, as the 
LLID information for the RS and the MAC client exists within the predetermined position 
of the frame other than the preamble, the emulation associated with the MAC for the EPON 
can be easily performed using the existing 802.3 MAC. The RS converts the Ethernet 

20 frame. 

The potential incompatibility would arise since the physical layer contains the LLID 
information within the preamble of the Ethernet frame so that the Ethernet frame can be 
configured as shown in Fig. 2 whereas the MAC layer (contained in the data link layer) or 
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another higher layer contains the LLID information at a predetermined position of the 
Ethernet frame outside the preamble so that the Ethernet frame can be configured according 
to the existing standard as shown in Figs. 4 A and 4B. 

To bridge this difference, an RS (Reconciliation Sublayer) converts the Ethernet 
5 frame according to a frame conversion method as described below by the flow charts in 
Figs. 6 and 7. 

Fig. 6 is a flow chart illustrating an upstream frame conversion procedure in a frame 
conversion method performed by the RS in accordance with the present invention. In the 
reconfiguration process, the RS receives an Ethernet packet from the PCS layer contained 

10 in the physical layer and reconfigures the LLID information at step 601. 

Then, the RS determines from the CRC (Cyclical Redundancy Check) field of the 
preamble whether the preamble of the Ethernet packet has an error at step 602. If an error 
is determined to exist at the above step 602, the RS discards the received Ethernet packet 
and reports the error detected through a CRC operation at step 603. On the other hand, if 

15 the determination is that no error exists in the preamble, the RS determines from the FCS 
field of the Ethernet frame of the Ethernet packet whether an error exists in the DA and 
FCS fields, etc. contained in the Ethernet frame at step 604. If an error exists within the 
Ethernet frame, the RS reports an FCS error to a higher layer at step 605. On the other 
hand, if no error exists within the Ethernet frame, the RS configures a new Ethernet frame 

20 containing the LLID information at the predetermined position of the frame outside the 
preamble as shown in Figs. 4A and 4B at step 606. The RS processes an FCS according to 
the configuration of the MAC layer 1 14 at step 607. 
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In o ther w ords, i f t he FCS a ssociated w ith t he general M AC i s d isabled, t he R S 
transfers the Ethernet packet to the higher layer (i.e., the MAC layer) without updating the 
FCS at step 608. Otherwise, if the FCS associated with the general MAC is enabled, the 
RS newly produces the FCS and inserts the newly produced FCS into the Ethernet packet. 
Then, the RS transfers the Ethernet packet to the higher layer (i.e., the MAC layer) at step 
608. 

Fig. 7 i s a flow chart i llustrating a d ownstream frame conversion p rocedure i n a 
frame conversion method performed by the RS in accordance with the present invention. 
The RS reconfigures the LLID information when the downstream transmission is carried 
out from the MAC layer to the physical layer. At this time, the RS receives an Ethernet 
packet from the general MAC layer at step 701. The RS extracts the LLID information 
from a n E thernet f rame of t he r ecei ved E thernet p acket a t s tep 7 02 a nd t hen i nserts t he 
extracted LLID information within the preamble at step 703. The RS then produces the 
preamble's CRC information and the Ethernet frame's FCS information, and updates the 
CRC within the preamble and FCS information within the Ethernet frame at step 704. The 
RS transfers the updated Ethernet packet to the PCS layer contained in the physical layer at 
step 705. 

In accordance with the present invention, LLID (Logical Link ID) information can 
be contained at a predetermined position of the frame outside the preamble, and the frame 
containing the LLID information can be transferred to a higher layer so that general MAC 
can be used as MAC for an EPON system. 

Further, the present invention is compatible with an EFM (Ethernet in the First 
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Mile) standard using the general MAC. 

Furthermore, the present invention enables logical MAC emulation by transferring 
the LLID information to a higher layer rather than a physical layer. 

The above-described method of the present invention can be implemented in the 
5 form of a computer-readable program, so that it can be stored on a recording medium such 
as a CD-ROM (Compact Disc-Read Only Memory), a floppy disc, a hard disc, a magneto- 
optical disc or etc. 

Although the preferred embodiments of the present invention have been disclosed 
for illustrative purposes, those skilled in the art will appreciate that various modifications, 
10 additions and substitutions are possible, without departing from the scope of the invention. 
Therefore, the present invention is not limited to the above-described embodiments, but the 
present invention is defined by the claims, which follow along with their full scope of 
equivalents. 
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